
Economic Analysis
High Pressure Turbine

Dense Pack Modification

Approximately two years ago, Alstom came to Intermountain and presented information on a proposed renovation of the high
p(’ ure turbines. GE has subsequently also contacted us regarding the same modification.

The proposed modification involves changing the existing double-flow hp nozzle box to a single flow design. By doing this
they are able to add stag~s to the hp turbine and increase hp section efficiency. Both Alstom and GE claim to have data from
installed units showing an increase in turbine efficiency (decrease in flow to achieve the same output) of at least 2.0%.

The modification will be a performance contract including pre- and post-installation testing on the hp turbine section for
contract validation. The following economic analysis is provided for both performance benefits and increased generation
capacity.

Economic assumptions:
t- Economic life:
2- Hours of operation/year:
3- Cost of money:
4- Cost of generation:
5- Avoided cost of maintenance during 2002 outage:
6- Avoided cost of lost generation to rehab the hp nozzle:
7- Environmental cost of SCR addition:
8- Modifications to balance of plant at maximum flow:
9- High pressure turbine section retrofit:

20 years (PV of Annuity Factor 11.2)
7884 (8760hrs/yr)(0.gcapacity factor)
6.35%
$42,000/unit hour ($48.00/MW hr)
$708,000
$1,944,000 (3 days of estimated 10 required)
$85,000,000/unit
$6,000,000/unit
$4,700,000/unit

Additional Generation Capaci _ty at Existing Steam Flow:
Additional potential revenue

(20MW)($48.00iMW hr)(7884 hrs/yr)

Payback: $2,048,000 (Item 9 - Items 5&6)
$7,568,640

$7,568,640

0.27 years

Cost/Benefit Ratio: (7,568,640)(11.2)/(2,048,000) ---    41.4

Additional Generation Capacity. at Maximum Steam Flow (including environmental costs):
Additional potential revenue

(50MW)($48.00/MW hr)(7884 hrs/yr) = $ ! 8,921,600

Payback: $95,700,000 (Items 7+8+9 - Items 5&6) = 5.06 years
$18,921,600

Costa’ Benefit Ratio: ($18,921,600)( 11.2)/(95,700,000) 2.21

Performance Improvement at 875MW:
Fuel Savings
(2.25%)(6.3MMlb/hr steam flow)(916 BTU/Ib)(I/.88 boiler elf.)
($1.51/MMBTU)(7884hrs/yr) =

Payback: $~2048 000
$1,756,546

$1,756,546 ($2,873,165@1500 BTU!Lb)

1.16 years

Cost/Benefit Ratio: ($1,756,546 X 11.2)/(2,048,000) = 9.60
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Item

Requested Unit 2 2002 Outage Start Date

Guaranteed Delivery Date for Unit 2 HP

Guaranteed HP Section Efficiency

Guaranteed Section Wheel Power Output

Unit 1 HP Section - Base Bid

Unit 2 HP Section - Base Bid

Field Engir~eerir~g Services - Unit 1

Field Engineering Services - Unit 2

Alignment Services - Unit 1

Alignment Services - Unit 2

Freight - Unit 1

Freight - Unit 2

HP TURBINE RETROFIT

Bid Award Evaluation

March 29, 2002 One month setback No Change Requested

April1,2002

92.1%

293.480 MW

$4,100,141

$4,100,141

$539,676

$501,751

$40,100

$38,500

$25,000

$25,OOO

March 1, 2002

92.4%

293.6 MW

$4,000,000

$5,050,000

Included in base bid

Included in base bid

$45,000

$45,000

Included in base bid

Included in base bid

Alstom

IPSC Cost for Unit 1 HP Disasssembly in 2001

HP Performance - Bid Evaluation Credit

HP Output - Bid Evaluation Credit

OEM Labor - Unit 1 (Not Included in Total Cost)

OEM Labor Unit 2 (Not Included in Total Cost)

Total Cost Unit 1 and Unit 2

0

($I4,800)

($50,000)

,337,993

,269,154

Pricefor42.3 day outage schedule(JPSC Labor)

$9,305,509

Price ~r32 day outage schedule(OEM Labor)

$11,977,456

$100,000

($40,000)

($80,000)

$1,260,000

$1,210,000

Price for30 day outage schedule (IPSC Labor)

$9,120,000

Price for30 day outage schedule (OEM Labor)

$11,590,000



IGS Production and Availability History

Fiscal Year End Comparisons

rev 8/24/2000

Year I

Gross Generation GWH 12,291 10,978 13,410., 11,406 12,062 12,680 12,901 11,318 10,386 13,~365 13,,~35 13,956 13,858 12,366

Net Generation GWH 11,639 10,396!, 12,724 10,770 11,408 11,9,,99 12,215 10,674 9,786 12.~81 12,928 13,235 13,147 11,705

Adjusted Coal Burn* Ktons 4,826 4,17,5 5,080 ._ 4,372 4,615 4,8,.3,7 4,883 4,322 3,976 5,;.!,.12 5,187 5,296 5,235 4,723

Adj Net Station Heat Rate^ Btu/kwhr 9,898 9,647 9,616 .. 9,682 9,637 9,566 9,551 9,611 9,6,23 9,500 9,493 9,489 9,506 .9,609

Availability Factor % 89.47 80.15 95.12 92.58 91.45 93.23 92.08 92,48 87,91 93.55 94.76 94.09 933 91.41

Equivalent Availability Factor % 89.32 80.02 ....... 94.99 92.51 90.24 92.97.,. 91.78 92.04 87.30 93.42 94.64 93.93 92.40 91.10

Forced Outage Rate % 2.33 1.16 0.58 0.66 0.33 0.29 0.09 0.21 0.19 0.64 0.12 0.68 0.87 0.61

Equiv Forced Outage Rate % 2.48 1.32 0.72 0.75 1.63 0.56 0.42 0.67 0.87 0.78 0.24 0.72 0.97 0.93

Equiv Unplanned Outage Rate % 2.79, 2.68 1.11 1.63 2.46 0.62 0.63 0.71 0.97 1.37 0.68 1.07 0.99 1.39

_Adj Net Capacity Factor** % 82.8! 74.17 90.78 76.84 81.17 85..61 87.15 76.15 .69.63 90.48 92.24 94.43 93.54 83.46

iAdj Net Output Factor** % 92.56 92.54 95.62 83.63 88.76 91.84 94.85 82.40 79.24 96.74 97.35 100.44 100.26 91.33

IPSCAnnual Expenditures*** $K 42,375 44,725 44,198 47,754 46,616 44,623 48,455 49,224 48,953 53,281 48,007 47,861 48,092 47,173

IPSC O&M Costs mils/kwhr 3.641 4.302 3.474 4.434 4.086 3.719 3.967 4.612 5.002 4.202 3.713 3.616 3,658 4.030

NOTES: *Adjusted Coal Inventory applies annual coal pile inventory corrections back over multiple years.

** Net capacity factor and net output factors are catculated using a common reference of 800 MW net (since uprated load in 7/1/95 & 10/1/96).

*** IP$C O&M Budget includes fuel oil, A’s & B’s, & revenue from fly ash

02/14/20f" FYE-$ ....".XLS AE~’ ~age 1



IGS Uprate Project Coordination

Unit 2 Projects
HP +urbine Retrofit

Cooling Tower Performance Upgrade

Boiler Safety Valve Addition

Generator Cooling Enhancements

tsophase Cooling Enhancements

Large Motor Bus Loading Equalization

$4,800,000,00

$2,000,000,00

$250

$100

$100

$i50,ooo.oo

0t/02/2001
01/15/2 oo 1

02/01/2001

03/01~

04/02/1001

04101/2002

04/26/2002

0410112002

0410112002

04/01/2002

~~-0

Boiler Feed Pump Performance Upgrad

Main Step-up Transformer Cooling

Burner Replacement

¯ Scrubber Wall Ring

Generator SCW 02 Monitoring

HP Heater Drain Line Mods

Boiler Modifications

Unit 1 Projects

HP Turbine Retrofit

$100,00~.~0

  ,ooo:ooo.o0
$6001000.00

$100,00~.00

$100,000.00

$250,000,00

$10,850,000,00
$4,800,000.00

01/02/2001

03/01,

04/0

04/0

01102/2001

o1/I 512001

04/01/2002

04101/2002

04/01/2002

04101/2002

04/01/2002

04/01/2002

04/01/2003

O4/01/2003

04/0t/2003

o4/ol/2oo3

Cooling Tower Performance Upgrade $2,000,000.00

Generator Cooling Enhancements I $100.000.00

Isophase Cooling Enhancements $100.000.00

Large Motor Bus Loading Equalization $150.000.00

ID Fan Suction Duct Evaluation i $150,000.00
Boiler Fee~ Pump Performance Upgrad l $150,000.(~0

Main Step-up I-fan,former Cooling } $100

Burner Replacement I $2,000,000.00

02/01/2001

01/02/2001

03/01/2002

03/0112002

03/01/2002

0310112002

03/0112002

04/01/2003

04/01/2003

0410112003

04/01/2003

Scrubber Wall Ring $600,000.00

Geni[at0r ~-~..°_ 2 M_onitoring__ _ ’.i .... ,~~0,o0o.0o

HP Heater Drain Line Mods
I

$100,000.00

Boiler Modifications I $250,000.00

05111/200

0410211001

04/02/1001
04/02/~001

03/01/2002

03/0112002

04/01/2003

04/01/2003

Printed: 03/1112001
Page 1

Milestone
Fixed Delay ....

04/0t 12004

04/01/2004

Summary
Slack



Option

3

Station Max

. ~e~y~ip~o. ~r.?~s Load

Current Operation 1750 MW
Maintain the same historical msximu~l’i~d
with ~m~rov~ heat rote, ~

HP Turbine Dense Pack Modifications
Operating Options and Economic and Environmental Analysis

Same
~a’intain i~e Same historical steam fl0w and
increase turbine/generator output. (Note 6) =] F"

40 MW
install ad~iti0nsi plant improvements to          ~.
~ncrease boiler and other systems capacity.
install moderate HOx reduction equipment

!(Note 7).
t00 MW

Present Value Annuity Factor (P/A, 6.35 %, 20
1 ears): 11 2

Hours of equivalent operation/~ear (8760X 0.9
2 Cap. Fat!or): 788,

3 Cost of F~e! !Siren): $3~

4 Seat of replacement energy ($/MWH) $4~
..... ~,voided maintenance cost for the station

5 ’,Note 1): $5,304,~0(

6 High pressure turbine section retrofit:
Sost of additional plant improvements

7 ’,Note 2): $12,000,00(

8 ~NCR): $15,000,00(

9 Operating cost per year for SNCR (Note 4): $2,058,49~=

10 Coal (ETUtLB) I1,50(

11 removed (Tons)

12 Cost of Ureo per Ton {Note 3) SBOC

Heat Rate    Consumption TotalCaplta! Benefit Per Payback BanefiUCost
(BTU/KWH) (Tons/Year) Cost Year I pe,~od (Yesrs)l Ratio

Environmental
NOx     ISO2 Emissions

Emissions per| per Year
ye~,r(Tons) |.., (Tons) EnvlronmentalAssessment

N~ NA NA NA

..... -214 .... -118,536 $9,400,000 $4,267,282 0.9~

,,T214 . So,me $9,600,000 $15, t37,28( , , 0.28

-214 310,224 $36,400,00( $35,784,70..

Tu~ine Efficiency Inc~ase (guar~t~d by 2.25oA
supplier) =

Redu~ Fuel = (Heat Rate Redu~ion)(Station 11&53~
Net Load)(Equiv.H~)/(Coal B~U/Lb)(2000
Lbs~on) = (Tens)

Daybook Period = (Capitol Costa - Avoided Coats) 0.9~
~Benefit per Year = YeaPs
Benefit to Cost Ratio = (Benefit per Year)(PV 11.67
=,nnuRy FaCtO~)/(Capital Costs -Avoided Costs) =

26109

11.67 -587 -67

39.46 Same

0.87 12.89 -6362 -680

~ene~ ~r Year = {tn~a~ ~tlonX Equiv. $15,137,28(

~rs,} (C~ of Repie~ment Energy) = $
=ay~ Perbd = (Cap~l Cos~ - Avoided Costs 0.2~
~@neflt~r Year = Years
]en~ to Cost Ratio = (Benefit p~ Ye~)(PV 39,4~
kn~y Facter)l(~p(~{ Cos~ - Avoid~ Cos~) =

Comments

Current Emissions limi= are 0.5
{bslMBTU of NOx and O. 15 Lbs/MBTU of
SO2, Both on rolling 30 day avenge Current NOx em{sslone rate is 0.42 Ibs/MBTU

2984 basis, and SO2 is 0.048 IbS/MBTU

~ Operating in this manner should not
tdgge¢ a New Source Review (NSR) or
Prevention of Significant Deterioration 31~e~e should be no change in NOx and SO2
(PSD) review, Variations from year to emissions rate, Total tons per year redu~ions
ear would have to pe expiated, are from decreosed cos,! burn,

Since the NOx and SO2 emissions should
not change, increasing load should not
"nand~ s NSR or PSD review, May be
difficult to prove as it vsdea from year toThere should be no change in NOx and SO2

Same lear n=urall)’.,, emi,$~ipps rate.

~errnitiing with moderate NOx control should
~ot be dk’~lt. Current Jaw~ would mqulra
3.46 LBS~BTU ~mit in the furze, Plans for Assurn~a NOx emissions will Io~r to 0.3
"nora aggressive reduction tIE: SCR’s) should .bs~IBTU and SO2 emissions will lower to
~ot be made at INs time.                0.035 Lbs/MBTU (See Note 5)

qote 1 - Avoided mair~nsn~e cost equate the normal overhaul cost for the turbine HP
rection plus the avoided outage extension of 3 doys to ref~foish the HP noZzle block.

Benefit p~t Yser = (Increased Generation)( Equiv. $35,784,705
Hrs.) (Cost of Replacement Energy) - Operating
Cost/Year = $

~lote 2 - Cost ~f additional plant improvemerds are the pr~jecta necessary to increase the"’
;opacity of al~ other plant systems to handle the increased load. This includes the coo(~ng
owera, main transformer, generator cooling and other systems,

Note 4 - Operating cost for 8NCR includes 1% of the capital cost per year for Maintenances.

Note 5 - SO2 emissions will de~;rease by installation of a device to ir~craaae scrubber
removal ef~c~enoy. The device eliminates the "sneakage" of flue gas around the .,nodule
walls thus improving removal e~clenoy.

Note 6 - Ca~itai cost includes an extr~ $200,000 for minor modificoii~ns to main transfol’~l
and iaophase duct to handle ~no’eaead load.

moderate NOx reduction technolog~
Selective Non-Catalytic Reduction (SNCR) because it is well proven. Other technologies

( burners wilt be evaluated before the fine| derision is made.

’Payback Pedod = ( Capital Costs. Avoided 0.87
C~sts~/Benefit per Year = Year~
Benefit to Cost Ratio = (Benefit per Yesr)(PV 12.89
Annuity Factor)/(Capitol Costs-,~voided Costs) = ,,,
Increased Fue~ = (Oecraased Heat 3t 0.224
RateXIn~reosed Net LoadXEquiv.Hm)/(Coa]
BTU/LbI(2000 Lbs/Ten) ~ (Tons)

0212612001



02/0712001

Description

Current Operation
Maintain the same historical maximum load
with imprOved heat rate.

Mainteir~ the same historical steam flow
;ncrease turb~ne/gensrator output

nstall additional plant improvements to
;ncrease boiler and other systems capacity.
’qo new NOx control equipment

Install add~tignal plant improvements to
increase boiler and other systems capacity.
Install moderate NOX reductieIl equipmeat (te:

SNCR).
Install additional planl improvements to
Ino-ease boiler and airier systems capacity..
Install a~graidve NOx reduction equipment
SCR)

Factor):

Avoided maintenance cost for the station

Cost of add{tidnal plant im~0vements

Cost of moderate NOx con~ol equipment:

Cost of aggresshte NOx control equipment:

Coal BTU/LB

Urea Utilization per Ton NOx removed

3oat of Urea per Ton

3oat of Ammonia par Ton

Unit O~eratien
St.at]on Net | Station Fuel

Station Max Heat Rata | Consumption Total Capital
Gross Load (BTU/KWH) | (TONS/fEAR) Cost

HP Turbine Dense Pack Medlflcations
Operating Options ~nd Economic and Environmental Analysis

’~750 MW 9500

Same -214

40 MW -2!4

f00 MW -214

100 MW -214

Economics

Year | Period (Years)J RaUo

Bnvlror~mental

/ so2
’~OX Emtssiort~ Emlaslo,",s per

perYear | Year ,,           EnvlronmentalAssasm~nt..

~\~/,4’ {~-

3anent Emisslo.s limits are 0.5
bs/MBTU of NOx and 0.15 Lb~’~BTU of

502. Both or rolling 30 day average

Comment~

Current NOx emissions rate is 0.42 IbdMBTU ~,

tl.2

7~84

$36

$5 304 oo1

$9,40o,0~

0.3;

$30(

$30(

5,268,249 NA NA

310,22~ $21,400,006 $37,843,200

Turbine ENcJency Increase (guaranteed by 2.25°/
supplier) =
Boiler Heat Input Reduction = Proportional to 2.25~

Nef Heat Rate Reduction ~ 2,25%(9500 ,21~
BTU/KWH) =BTU!KWH
Reduced Fuel = (Heat Rate Red uction)(Stati~ 118,53(
Nat Load)(Equiv.Hrs)/(Co¢l B’fU/Lb)(2000
LbefTon) : (Tons)

Benefil per Year = (Reduced Fuel)(Cost of rue0 = $4.267.28;
$
Payback Period = (Cep~tal Costa. Avoided Costs)
rBenef#; per Year = Years

A~nuity Facior)/(Capital Costs - Avoided Costs) =

Benefit per Year = (Incras~=od ~eneratlon)( Equiv. $37,843,20~
Hrs:) !Coat of Rep~acemaz/t Energy) = $
Payb~ek Pedod = (Capital Costs - Avoided ~osts) i " ’ 0.4;
~Benefit per Year = Years
5enefit to cost Ratio = (Benefit per Ye~r)(Pv 26.33
~.n n ally Facter)l(Capital Costs - Avoided Costa) =

-- ’qet Lcsd)IEquiv.Hra)/(Coel BTU/Lb)(2000
.bs/Ton) = (Tons)

NA NA

-587 -87

0,2; 4i.39 Same (~ Same

Benefit pet Year = (tnueased Genecat~on)( Equiv. $15,137,2~
Hrs.) (Co= of Replacement Energy) = $
:~aybac~ Period = (CapRel Costs - Avoided Costa 0.27

Benefit to Coat Ratio = (Benefit per Year)(PV 41.3~
a.nnuJty Fastor)/(CapitaI Coats - Avoided Costs) =

~Wbeck Peridd = ( Csp’ita| Caste - Avoided

3en~ ~t Year = (Increased Gene~tion)( Equiv. $32,639,25(
~.) (C~ of Repla~ment Enemy) -
3oef = ~

~aybac~ Period = (Capital Co~}s + Interest for
qOx Control- Avoided Costs)/~enefit per Year =
(ears

~Fanefit to Cast Retk~ = (Benefit per Yeor)(PV
\nnuity Factor)/(Capl~l Cost for Upgrade +
nterast for NOx Control - Avoided Costs) =

,basis.
Operating Jn this manner should not
trigger a New Sourc~ Review (NSR) or
Prevent[on of Signifluent Deted~ratlon

Since NOX and SO2 emissions are
unchanged, In ereasl~lg the load Should
not mandate a NSR o,t,P,S D revk~.

am]asides Iknit to 0.47 Lbs/M BTU, we
might be a~ to get this approved as a
"s~nthetlc .m,l~or" ohan~e.

s~ $02 {S 0.048 tbsAV~BTU

~ssumas no ohenge In NOx ~d S02
rate.

~,ssumes no change 1~ NOx and SO2 emissions
Fate.

.bs/MBTU

~ ~ u-~ ~a ~,o~,~ n=’t,~a,.va~t= qOx emisstens will lower to 0.3 Lbs/MBTU and

~=~ 1 - A~ mai~ena~’~t ~uais the no~al ~erb~l ~st for be tu~ine HP
sexton plus the avo~ autos e~ens~n of 3 da~ to mfu~ish the HP no~le b~.

Ntte 2 - Coat of add~ionat p~ant improvements is the presets necessary to increase the
capacity of all other plant systems to handle the increased load. This includes the coo[~ng
towers, main transfomer, generater cooing and other systems.

Nets 3 - ${rW:~ this mod~ficatk)n wouk~ only be done if SCR’s ~re required by 2(~07, on(y the
interest for completing the project 3 years eadler is included In the ecsnornio analysis of the
option.

N=ta 4 o Cost of Urea is based’on $0,75 per gallon fore 50% liquid solution. Cost of
~’nmonle is for anhydrous at $~.15/lb (Currant pdca for ammonia used for v, Fatar keatm~nt
at IGS).

Note 5 - Operating cost for 8NCR recluses 1% of the capital ¢oef per year for Maintenance.
The Operating cost for SGR includes 2% of the capitaJ cost due to ant~peted frequent
repiscer~nt of catalyst paneL~;

Nets 6 - 802 emissions will decrease by installation of e device to increase scrubber
removal efficiency. The device eliminates the "~neakage= of flue gas around the module


